ABSTRACT
INTRODUCTION

Several disorders, particularly those formally categorized in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edtion-Text
Revision as impulse-control disorders not elsewhere classified, have been described as "behavioral" addictions. 1 Impulse-control disorders include pathological gambling, kleptomania, intermittent explosive disorder, trichotillomania, and pyromania, and diagnostic criteria for compulsive computer use, compulsive sexual behavior, and compulsive buying have been proposed. 2 Although there exists some controversy regarding the most precise categorization of these disorders, mounting evidence [3] [4] [5] supports phenomenological, genetic, and neurobiological links between behavioral and substance addictions. As such, an understanding of the biological similarities between these disorders offers the potential to guide prevention and treatment efforts for addictions in general.
Multiple lines of evidence support a relationship between behavioral and substance addictions. For example, behavioral and substance addictions share common core clinical features: repetitive or compulsive engagement in a behavior despite adverse consequences; diminished control over the problematic behavior; an appetitive urge or craving state prior to engagement in the problematic behavior; and a hedonic quality during the performance of the problematic behavior. 3 In addition, evidence suggests that impulsecontrol disorders often share other common features with substance use disorders, including aspects of tolerance, withdrawal, repeated unsuccessful attempts to cut back or stop, and impairment in major areas of life functioning. 4 Phenomenological data 6 further support a relationship between behavioral and substance addictions (eg, high rates of pathological gambling and substance use disorders have been reported during adolescence and young adulthood) and the telescoping phenomenon (reflecting the rapid rate of progression from initial to problematic behavioral engagement in women compared with men) initially described for alcoholism has been applied to pathological gambling. 7 Consistent with the notion that impulse-control disorders share possible genetic or neurobiological links to substance use disorders, studies have demonstrated the high comorbidity of pathological gambling with substance use disorders, with rates of nicotine dependence approaching 70%, 8 alcohol abuse or dependence in the range of 50% to 75% 9, 10 and other drug use problems nearing 40%. 11 Additionally, individuals with substance use disorders are up to 10-fold more likely to have pathological gambling. 12 Similarly, studies have also found high rates of substance use disorders among individuals with kleptomania (23% to 50%) 13, 14 and compulsive buying (30% to 46%).
14,15
NEUROBIOLOGY OF ADDICTIONS
Serotonin
Biochemical similarities involving serotonin (5-HT) systems have been observed in disorders linked by impaired impulse control. Studies of platelet monoamine oxidase B activity, considered a possible peripheral marker of 5-HT function, have found decreased levels in both individuals with pathological gambling and substance use disorders. 16 Low levels of the 5-HT metabolite 5-hydroxyindole acetic acid has been found in the cerebrospinal fluid of individuals with pathological gambling and those with alcohol use disorders. 17 Pharmacologic challenge studies that measure hormonal response after administration of serotonergic drugs also provide evidence for serotonergic dysfunction in both impulse-control disorders and substance use disorders. Meta-chlorophenylpiperazine, a metabolite of trazodone that acts as a partial agonist and has high affinity for 5-HT receptors (especially the 5-HT 2C subtype, which has been implicated in aspects of mood, anxiety behavior, and neuroendocrine function) generated a euphoric response in individuals with pathological gambling, one similar to that reported in individuals with alcohol use disorders and different from that reported by healthy control subjects. 18 Impulse control disorder behaviors may be conceptualized as an imbalance between an overstimulated drive state, an impairment in inhibition or reward processing, or a combination of these factors. 5-HT's dysfunction in impulse-control disorders may reflect the impairment in frontal inhibition which prevents individuals from controlling their desires.
Dopamine
Dopaminergic systems influencing rewarding and reinforcing behaviors have been implicated in both substance and behavioral addictions. 19, 20 Alterations in dopaminergic pathways have been proposed as underlying the seeking of rewards (gambling, drugs) that trigger the release of dopamine and produce feelings of pleasure. 21 Central to addiction is the dopaminergic mesolimbic pathway linking the ventral tegmental area to the nucleus accumbens or ventral striatum. 22 Dopaminergic activity within the nucleus accumbens has been a focus for developmental models of motivational circuitry underlying pathological gambling and substance use disorders in adolescence. 5, 23 "Reward deficiency syndrome" , a hypothesized hypo-dopaminergic state involving multiple genes and environmental stimuli that puts an individual at high risk for multiple addictive, impulsive, and compulsive behaviors, is one proposed mechanism of addiction. 21 A common process implicated in drug priming is the release of dopamine in the nucleus accumbens. 19 Similarly, gambling has been shown to produce priming-like effects in problem gamblers. 24 Additionally, drugs with similar mechanisms of action can "cross-prime" for reinstatement of other drugs within that class (ie, amphetamine for cocaine). 25 Consistent with this cross-priming effect in substance use disorders, a recent study 25 found that amphetamine increased motivation for gambling in gamblers that could be predicted by the reported severity of gambling problems. Taken together, these findings lend further evidence for the involvement of dopaminergic and/or other aminergic pathways in the pathophysiology of both pathological gambling and substance use disorders. Thus, alterations in dopamine functioning may reflect an exaggerated craving or urge state, wherein the reward from the impulse-control disorder behavior takes priority over an understanding of consequences from the behavior.
Endogenous Opioids
The μ-opioid system is believed to underlie urge regulation through the processing of reward, pleasure and pain, at least, in part, via modulation of dopamine neurons in mesolimbic pathway through γ-aminobutyric acid inter-neurons. Alcohol reward is mediated by endogenous opioids and influenced by genetic factors influencing opioid function. 26 Individuals with a genetic predisposition to alcohol use disorders demonstrate enhanced β-endorphin release and euphoria after alcohol administration. 26 Opioidergic involvement in both behavioral and substance addictions is further substantiated by clinical studies demonstrating the efficacy of the opioid antagonists naltrexone and nalmefene in the treatment of impulse-control disorders [27] [28] [29] and substance use disorders. 30, 31 Individuals with altered opioidergic systems may feel a more intense euphoria after engaging in rewarding behaviors and, thus, have greater difficulty controlling desires to continue the addictive behavior.
Stress and Stress Hormones
Cortisol changes have been related to impulsecontrol disorders. A study of male and female Kimberley aborigines whose urine was collected during a 2-day period just after receiving their wages (after which the community regularly partakes in gambling or the observation thereof) showed significantly higher rates of cortisol and epinephrine excretion than separate volunteers whose urine was collected several days later. 32 These data support the possibility of stress pathway involvement in gambling or that gambling invokes the stress pathway but should be interpreted cautiously.
A study of 21 men with pathological gambling 33 found no evidence of cortisol responsivity on a dexamethasone-suppression test. Additionally, no differences were found in cerebrospinal fluid levels of corticotropin-releasing hormone and corticotropin between men with pathological gambling and healthy volunteers. 34 Meyer and colleagues 35 measured salivary cortisol and heart rate in 19 volunteers recruited from casinos during blackjack versus card play without monetary stakes. They found statistically significantly elevations in both measures during the blackjack compared to the control condition. In a counterbalanced crossover study of 29 male volunteers recruited from casinos, the same investigators 36 noted statistically significant increases in heart rate and cortisol levels during blackjack gambling compared with a control card-playing condition. These findings contrast with those from a similarly designed study of 15 problem gamblers by the same investigators. 37 Further study should examine the extent to which differences in these findings are attributable to specific group differences (eg, genetic constitutions or environmental exposures influencing stress responsiveness), insufficient power, or other explanations.
Neuroimaging
Although there have been few neuroimaging studies of impulse-control disorders, the existing evidence suggests similarities between behavioral and substance addictions. The ventromedial prefrontal cortex (vmPFC) has been implicated as a critical component of decision-making circuitry in risk-reward assessment in addiction. 5 Decreased activation has been noted in vmPFC in pathological gambling subjects during presentation of gambling cues, 38 performance of the Stroop Color-Word Interference Task, 39 and simulated gambling. 40 In the latter study, vmPFC activation in the pathological gambling subjects correlated inversely with gambling severity, providing further evidence of a role of vmPFC dysfunction in pathological gambling. Abnormal function of the vmPFC has also been demonstrated in association with substance use disorders and is considered important in the disadvantageous decision-making (involving short-term gains vs long-term losses) central to addiction. 41, 42 Consistent with the hypo-frontality of addictions, cocaine dependent subjects have demonstrate compromised white matter microstructure in inferior frontal regions. 43 Similar white matter microstructural findings have been demonstrated in individuals with kleptomania. 44 Brain imaging data also suggest that the mesocorticolimbic dopamine system is involved in both substance and behavioral addictions. In a simulated gambling task, 40 pathological gambling subjects were distinguished from healthy control subjects by demonstrating diminished ventral striatal activation, and activation of this region-correlated inversely with gambling severity amongst the pathological gambling subjects. A study of gambling urges and cocaine cravings in pathological gambling and cocaine dependence 5 similarly implicated the ventral striatum, with diminished activation distinguishing addicted (pathological gambling or cocaine dependent) from control subjects during viewing of gambling or drug videotapes, respectively.
In a study of unmedicated subjects with pathological gambling, Hollander and colleagues 45 measured relative metabolic rate using 18 F-deoxyglucose in positron emission tomography to compare computer blackjack for monetary rewards versus points only. They noted significantly higher relative metabolic rates in the primary visual cortex, cingulate gyrus, putamen, and prefrontal cortex in the monetary condition compared with points only, suggesting heightened sensory and limbic activation with increased valence/risk. Other imaging studies have implicated brain regions that are involved in attentional processing as distinguishing pathological gambling and control subjects when viewing gambling-related material. 46 Together, these findings suggest a complex network of brain regions are activated during gambling and related behaviors, and that activity within certain aspects of these regions differentiates pathological gambling from control subjects.
Decision-Making and Neurocognition
The Iowa Gambling Task 42 was developed as a tool to investigate decision-making, particularly that involving risk-reward assessment. Like subjects with substance use disorders, those with pathological gambling display impaired performance on the Iowa Gambling Task. 42, 47 Compared with non-addicted subjects, those with pathological gambling or substance use disorders preferentially choose smaller immediate monetary rewards over larger delayed ones (termed "delayed discounting" of rewards). 48 Herein, the rapid temporal discounting of rewards was exacerbated by concurrent substance use disorders in individuals with pathological gambling. Taken together, these findings lend further evidence for the role of frontal cortical regions and the mesocorticolimbic system in pathological gambling and strengthen arguments regarding commonality in brain regions with other addictions.
Individuals with pathological gambling demonstrate poor performance on measures of higher-order attention, 49 consistent with findings of high rates of comorbid attention-deficit/hyperactivity disorder. 50 Furthermore, pathological gamblers have demonstrated slower reactions than occasional gamblers to irrelevant external light stimuli while gambling, suggestive of a greater narrowing of attention while gambling. 51 Studies 52 have demonstrated that individuals with pathological gambling may have a broad range of executive functioning deficits. The Stroop task has been used to assess neurocognition in individuals with impulse-control disorders. The Stroop task assesses cognitive control involving attention and the ability to inhibit a pre-potent response (reading) when presented with a cognitive conflict (mismatched color-word pair). Studies using the Stroop task have found that pathological gamblers are significantly slower and less accurate than healthy subjects. 53 Individuals with kleptomania, however, have not demonstrated deficits on the Stroop task, 54 although other tests of executive functioning (the Wisconsin Card Sorting Test) have shown impairment in those kleptomania patients with severe symptoms. 54 The extent to which seemingly discrepant findings represent methodological differences (eg, differences in tasks or sample sizes), subject group differences related to specific impulse-control disorders, or heterogeneities within impulse-control disorders warrants additional investigation.
Genetic Vulnerability
Family studies consistently have demonstrated that pathological gambling subjects have elevated rates of first-degree relatives with substance use disorders 55 and these findings suggest a shared genetic vulnerability between pathological gambling and other addictions. Twin studies in men from the Vietnam Era Twin Registry demonstrated that 12% of the genetic and 8% of the nonshared environmental risk for pathological gambling overlapped with those for alcohol dependence. 55 These findings suggest that both familial factors and shared genetic vulnerability may account for a portion of the risk for pathological gambling. A more recent investigation, 56 however, found that shared genetic contributions for pathological gambling were not limited to externalizing disorders but included major depression. Interestingly, the shared genetic contribution to pathological gambling and major depression was as large as or more substantial than those for alcohol dependence, highlighting the need for additional research into the specific biological mechanisms underlying this association.
Investigations into specific genes relating to the norepinephrine, 5-HT, and dopamine neurotransmitter systems contribution in pathological gambling have been performed. As the dopamine (D) 2A1 allele of the D 2 receptor has been implicated in compulsive/addictive behavior, such as drug abuse, compulsive eating, and smoking, Diskins and Hodgins 51 found in 171 non-Latino whites with pathological gambling, 51% carried the D 2A1 allele compared with 26% of controls. 57 Frequency of homozygosity of the dopamine Dde I allele of the D 1 receptor have also been found to elevated compared to controls in pathological gambling, tobacco smokers and Tourette syndrome probands. 58 Finally, allelic variants of the DRD4 gene, containing five to eight copies of an incorporated 48 base pair nucleotide repeat, have been associated with pathological gambling.
59-60
TREATMENT
Although pharmacologic treatment of impulsecontrol disorders is at an early stage, several important factors appear to be emerging. Similar to results seen in studies of substance use disorders, 61 selective serotonin reuptake inhibitors (SSRIs) have shown mixed results in impulsecontrol disorders with some studies, but not others, demonstrating a benefit distinct from placebo. 62 As with substance use disorders, studies using opioid antagonists, such as naltrexone or nalmefene, have demonstrated efficacy in doubleblind trials for pathological gambling 27, 29 and an open-label study for kleptomania. 28 The efficacy of opioid antagonists in the treatment of impulsecontrol disorders may be due to the opioidergic modulation of mesolimbic dopamine circuitry, 27 though direct investigation of the precise mechanism of action is needed.
Patterned after Alcoholics Anonymous, 12-step self-help groups, such as Gamblers Anonymous, seem to be the mainstay of treatment for impulsecontrol disorders. These groups, however, suffer from high dropout rates, and there are little controlled data to support their efficacy. Several therapist-driven techniques (cognitive-behavioral therapy, motivational interviewing, relapse prevention), largely modeled on treatments for substance use disorders, have demonstrated efficacy in a few controlled studies. 48 Improved treatment strategies for impulse-control disorders should be informed by a neurobiological understanding of the pathophysiologies of impulse-control disorders. It is possible that polymorphisms of the gene encoding the μ-opioid receptor may predict treatment response to opioid antagonists in impulse-control disorders as has been found in studies of alcoholism. 63 Serotonergic medications may effectively target abnormal serotonergic function in individuals with impulse-control disorders. As an improved understanding emerges of the neurobiological differences existing in individuals with impulsecontrol disorders, it is important to investigate the potential of these findings in advancing prevention and treatment strategies.
As empirically validated treatments emerge and their mechanisms of action become more completely understood, clinicians must treat individuals in the here and now. Existing data, consistent with clinical experience, suggest that specific groups of individuals with impulse-control disorders respond preferentially to specific treatment interventions. One clinical guidepost that can be used to inform treatment selection involves the presence or absence of co-occurring disorders, 64 and treatment algorithms for pathological gambling based on co-occurring disorders have been proposed. 65 For example, individuals with cycling mood disorders may not respond well to SSRIs 66 but rather to a mood stabilizer such as lithium. 67 Alternatively, SSRIs may be particularly helpful for individuals with co-occurring affective disorders. 68 Individuals with a substance use disorder (eg, alcohol dependence) or strong gambling urges may respond preferentially to a μ-opioid antagonist. 65 Additional areas of co-occurring symptomatology (eg, attention-deficit/hyperactivity disorder) have been investigated to date less systematically but could offer additional information to guide treatment selection. 69 Taken together, emerging data suggest that cooccurring disorders seem to be the rule rather than the exception for pathological gambling, 8 might be used to guide to pharmacotherapy selection. Further research is needed to support these initial findings and to develop more structured, empirically validated algorithms to assist clinicians.
CONCLUSION
Biochemical, functional neuroimaging, genetic studies, and treatment research have all suggested a strong neurobiological link between pathological gambling and substance use disorders. Given the substantial co-occurrence of these disorders, an improved understanding of their relationship has important implications not only for understanding further the neurobiology of both categories of disorders but also for improving prevention and treatment strategies. The vast majority of research in behavioral addictions has focused on pathological gambling. The extent to which other impulse-control disorders represent behavioral addictions is presently unclear and may vary from one impulsecontrol disorder to another. For example, among individuals with obsessive-compulsive disorder, impulse-control disorders clustered into several groups, including a "reward-based" one, that may best align with behavioral addictions. 70 Moreover, data linking specific impulse-control disorders (eg, trichotillomania) to obsessive-compulsive disorder or alternatively to addictions exist. These data suggest that impulse-control disorders represent a heterogenous group of disorders as a class, and that additional heterogeneity exists within individual impulse-control disorders that might influence their classification, prevention, and treatment. Additional investigation is needed to better understand impulse-control disorders and their relationship to other psychiatric disorders, including substance use disorders, with the ultimate goal of using this information to advance prevention and treatment strategies for individuals suffering from these disorders. CNS
